Objective: To examine the association of sociodemographic variables with the odds of being obese among adults in Saudi Arabia, and to examine whether or not the association between the educational level and the odds of being obese among adults in Saudi Arabia is modified by the income level. Methods: A total of 3,925 participants were recruited for this crosssectional study. Sociodemographic and anthropometric data were collected using standardized procedures. Unadjusted and adjusted logistic regression models were examined, with a dichotomous obesity status variable as the outcome. Furthermore, an interaction term for income level with educational level was tested and appeared significant. Thus, additional regression models were run in order to examine the association between educational level and obesity status separately among the low-and higher-income groups. Results: Compared to participants with a college degree or higher, illiterate participants and those with an elementary education had higher odds of obesity (OR: 2.76, 95% CI: 1.81-4.22, and OR: 2.68, 95% CI: 1.89-3.82, respectively). However, participants with a low income had lower odds than participants who had a higher income (OR: 0.84, 95% CI: 0.70-0.99). Examining the association between educational level and obesity while stratifying by income revealed that a negative association between education and obesity exists among both income groups. However, the magnitude of the ORs was higher among participants with higher income, suggesting a stron-
Introduction
Overweight and obesity as defined by the World Health Organization (WHO) are a state of increased body fat of varying degrees that could impair health [1] . It has long been known that increased adiposity exposes the individual to a higher risk of developing a plethora of adverse health issues, such as hypertension, dyslipidemia, cerebrovascular stroke, and gallbladder and kidney stones, and diabetes [2] [3] [4] [5] [6] [7] . Cardiovascular disease risk is also known to be directly related to the degree of obesity [8, 9] . More recently, obesity has been linked to an increased risk of various malignancies as well as survivorship from cancer in the form of recurrence, quality of life, as well as long-term prognosis and cancer progression [10, 11] . Further data show that obesity is implicated in chronic respiratory disorders and sleep disordered breathing [12] , musculoskeletal disease and osteoarthritis [13] , and all-cause mortality [14] .
In the first half of the 20th century, it was believed that overweight and obesity were conditions unique to those of higher socioeconomic status. However, starting from the 1990s, it became more recognized that obesity affects individuals of lower socioeconomic status equally if not more than those of affluence in developing countries [15, 16] . The more recent trends of increased adiposity among lower-income groups are attributed to the lower costs and convenience of energy-dense food options [17, 18] . In both developed and developing countries around the world, fast and processed foods and snacks, refined grains, and sugary drinks cost less than lower-energy, healthier food options, such as fresh fruits and vegetables, fresh cuts of lean meats, and seafood [18, 19] . Moreover, a discrepancy in the educational level between higher-and lower-income groups may also be an independent contributor to the higher obesity risk among less affluent individuals [20] . Higher education was found to be associated with lower consumption of total fats and cholesterol [21] and greater intake of fruits and vegetables [22, 21] . This positive effect of a better education may operate directly through greater nutritional knowledge, which affects dietary practices [22] .
As seen in many developing countries around the world, obesity rates in the Kingdom of Saudi Arabia (KSA) have been on the rise during the past several years [23] . Although the association between sociodemographic factors and obesity risk are well established in several other countries, such as the United States [24] , findings from studies conducted on KSA samples are conflicting [25] . For example, while obesity was found to be negatively associated with education among women [25] [26] [27] , a positive association between maternal education and obesity was observed among Saudi adolescents [26] . Furthermore, while some found that obesity rates were higher among lower-income groups [27] , others found that lower-income individuals were less likely to be obese [26] .
A clearer understanding of how sociodemographic characteristics are associated with weight status is critical for more effective targeting and design of obesity interventions and public health programs. Therefore, the primary objective of this study was to examine the association of sociodemographic variables, including educational level and income level, with odds of being obese (BMI ≥30 kg/m 2 ) among adults in KSA. The secondary objective was to examine whether or not the association between educational level and odds of being obese (BMI ≥30 kg/m 2 ) among KSA adults was modified by income level. 
Methods

Participants and Procedure
The study included 3,925 participants who were recruited from shopping malls in Jeddah city and surrounding areas, including Makkah and small villages, during a series of public health campaigns conducted over a period of 3 months. Study inclusion criteria were age ≥18 years; fluency in Arabic; and KSA residency. Women reporting that they were pregnant at the time of data collection were also excluded from the study.
Following completion of an informed consent form to participate, research assistants collected sociodemographic and anthropometric data from participants. Due to a high prevalence of low literacy, to assess sociodemographic characteristics, research assistants read aloud questions and corresponding response options; then they entered participants' answers into electronic tablets. Research assistants measured participants' weight and height using standardized procedures [28] .
Ethical clearance to perform this study was obtained from the Unit of Biomedical Ethics at the King Abdulaziz University Hospital, and confidentiality was maintained as data remained anonymous for all participants.
Measures
Primary Predictors: Sociodemographic Characteristics Information gathered included participant's sex (male vs. female); nationality (Saudi vs. non-Saudi); educational level (illiterate, elementary school, middle school, high school, 2-year diploma, bachelor's degree, and graduate degree) (later collapsed into only 5 categories); total monthly income (no income, < 5,000, 5,000-10,000, 10,000-20,000, or ≥20,000 SAR per month) (later collapsed into only 2 categories: low income, i.e., defined as total monthly income < 5,000 SAR per month vs. higher income [29] ) (1 USD = 3.75 SAR); financial sponsorship (financially supported by someone else, supports one's self, supports one's self and spouse, and supports one's self, spouse, and children) (later collapsed into only 2 categories); marital status (single, married, widowed, and divorced) (later collapsed into only 2 categories); and current active smoker (yes vs. no).
Primary Outcome: Obesity Status (BMI ≥30 kg/m 2 ) BMI was calculated by dividing weight in kilograms by height in centimeters squared. Based on the BMI score, body weight was classified as obese if BMI was ≥30 kg/m 2 [30] .
Statistical Analysis
Statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS; version 24.0; Armonk, NY, USA). Descriptive statistics were conducted to assess characteristics of the full sample and bivariate analyses by obesity status; differences in characteristics between the obese group and the nonobese group were examined using χ 2 statistics.
To further examine the association between each sociodemographic variable and obesity status, we conducted logistic regression analyses with the dichotomous obesity status variable (BMI ≥30 kg/m 2 vs. not) as the outcome. First, separate unadjusted models were examined for each of the primary predictors (i.e., Saudi nationality, educational level, low-income level, financial sponsorship, and marital status). Then, a fully adjusted model including all primary predictors was tested. Since binary analyses showed that the association between sex and obesity status was not significant (p > 0.20), we did not include sex in the adjusted regression model.
In order to examine whether the association between educational level and obesity status was modified by income level, we included an interaction term for income level with educa- tional level in the fully adjusted model. Since the interaction term was statistically significant (p = 0.01), suggesting that the association between educational level and obesity status may vary by income level, we ran separate adjusted regression models and examined the association between educational level and obesity status separately among the low-and higherincome groups.
Results
Sample Characteristics and Associations with Obesity Status
As shown in Table 1 , about one-quarter of the sample (25.8%) was classified as obese; 54.8 % of them were females. About half of the sample (52.2%) had only a high school education or less, and about one-third (36.9%) were considered low income (had a total monthly income of ≤5,000 SAR [29]) ( Table 1) . The prevalence of obesity was significantly higher among KSA participants (26.6%) than non-KSA participants (23.1%). The prevalence of obesity was significantly negatively associated with educational level. Obesity prevalence was 38.7% among illiterate participants, 41.4% among participants with an elementary education, 28.3% among participants with a middle school education, 25.4% among participants with a high school education, and 23.7% among participants with a college degree or higher. Furthermore, obesity was significantly associated with total monthly income, such that the prevalence of obesity was lower among low-income participants (22.4%) and participants making > 20,000 SAR per month (24.3%), compared to those making between 5,000 and 20,000 SAR per month (28.2%). Prevalence of obesity was also significantly associated with financial sponsorship and marital status. However, no significant association between sex and obesity status was observed (p > 0.10), and the association between smoking and obesity only reached marginal significance (p = 0.07) ( Table 1) .
Adjusted Associations between Sociodemographic Characteristics and Obesity
As shown in Table 2 , KSA participants had higher odds of obesity than non-KSA participants (OR: 1.21, 95% CI: 1.01-1.46). Compared to participants with a college degree or higher, illiterate participants and those with an elementary education had higher odds of obesity (OR: 2.76, 95% CI: 1.81-4.22, and OR: 2.68, 95% CI: 1.89-3.82, respectively). Additionally, participants who were financially sponsored by someone else had higher odds of obesity than those who were not (OR: 1.33, 95% CI: 1.14-1.56). On the other hand, participants who had a low income (5,000 SAR per month or less) had lower odds of obesity compared to participants who had a higher income (OR: 0.84, 95% CI: 0.70-0.99). Similarly, participants who were single (i.e., not married) had lower odds of obesity than those who were not single (OR: 0.45, 95% CI: 0.39-0.53) ( Table 2) . 
Associations between the Educational Level and Obesity by Income
Examining the association between educational level and obesity status while stratifying by income revealed that the negative association between education and obesity exists among both income groups (group with an income < 5,000 SAR per month vs. group of higher income). However, the magnitude of the ORs was higher among participants with higher income, suggesting a stronger association between education and obesity among wealthier individuals. Compared to participants with a college degree or higher, odds of obesity among participants who were illiterate was 2.29 (95% CI: 1.33-3.94) in the low-income group compared to 4.46 (95% CI: 2.07-9.64) in the higher income group. Odds of obesity among participants who had an elementary school education was 2.12 (95% CI: 1.32-3.39) in the low-income group compared to 4.29 (95% CI: 2.35-7.84) in the higher income group (Table 3 ). In the low-income group, there were no significant differences in the odds of obesity between participants who completed middle or high school and participants with a college degree or higher (OR: 1.03, 95% CI: 0.66-1.61, and OR: 1.23, 95% CI: 0.92-1.72, respectively). However, in the higher-income group, participants who only completed middle or high school had significantly higher odds of obesity than participants with a college degree or higher (OR: 2.15, 95% CI: 1.48-3.11, and OR: 1.24, CI: 1.01-1.50, respectively).
Discussion
In the present study, a quarter of the sample was classified as obese, an estimate that is quite higher than the WHO 2016 estimation of worldwide adult obesity prevalence of 13% [1] . We found that obesity prevalence was higher among participants who were KSA residents compared to non-KSA residents (24% of the sample). In agreement with many studies around the world [31] , we found that a higher educational level was associated with a lower obesity prevalence. However, contrary to findings from international studies [24, 27] , our analysis revealed that the association between income and obesity might not be a negative, monotonic association. Our data rather suggest that the association between income and obesity might be an inverted U-shaped curvilinear association. The prevalence of obesity was lower among low-income participants (22.4%) and participants making > 20,000 SAR per month (24.3%) than those making between 5,000 and 20,000 SAR per month (28.2%).
Adjusted analyses corroborated these associations, as we found illiterate participants and those with only an elementary education to have higher odds of obesity than participants with a college degree or higher. In addition, participants who made > 5,000 SAR per month had higher odds of obesity, and the odds of obesity was substantially higher among higher income individuals who were less educated. We can, therefore, infer from our results that the greatest group at risk is those in the highest income bracket with lower levels of education.
As such, these are the individuals that should be targeted with intensive education and health awareness programs. Moreover, we found that participants who were single were less likely to be obese; a finding that is in line with results from other studies [32] . While KSA is considered an affluent country, a prominent wealth gap exists between lowand high-income families. As in many Arab countries, the wealth of high-income families is often inherited transgenerationally and does not necessarily reflect superior education or employment status [33] . According to the World Bank website, while the population of Saudi Arabia ballooned since the 1960s from around 4 million persons to over 32 million persons in 2015, the GDP suffered a noticeable dip in 2016-2017 but is on the way to recovery [34] . From the national statistics website [35] , it appears that the individual household income has overall increased, as did the average expenditure. However, reviewing the categories on which money was spent, it appears that health maintenance, such as gym memberships, counseling, and other health maintenance systems, were not a major source of expenditure [34] . This is concerning and may explain adverse health outcomes presented in individuals at the higher end of the income spectrum. A large percentage of high-income individuals may have inadequate education and may allocate less money and resources to preserve a healthy lifestyle and seek preventative health care services.
Given our findings and the difficulty in reversing obesity once it is a reality, and the wellknown association between obesity and the diseases mentioned earlier, early prevention and intervention would make the most sense both economically and from a population health perspective. To this end, several options can be considered, such as early mass screening programs, national awareness campaigns with obesity and its comorbidities as the main focus, and possibly door-to-door campaigns for early detection and implementation of prevention and/or therapeutic programs. Efforts may specifically target and be tailored to address knowledge deficits and other psychosocial factors among high-income individuals who are less educated; awareness programs may be designed aiming to increase allocation of resources to promote a healthy lifestyle. Furthermore, programs may be directed towards other individuals who may have higher odds of obesity, such as those who are married and with a Saudi nationality.
This study has several limitations. First, since this is a cross-sectional study, we cannot infer a causal relationship between low education among high income and higher likelihood of obesity. In addition, behaviors such as dietary intake and physical activity were not measured, and we, therefore, cannot infer that higher-income individuals who are less educated follow a poor lifestyle. Longitudinal studies that follow individuals with different income and educational levels over time while evaluating their lifestyle practices are needed. This study also has several strengths. The large sample size and the high response rate has likely resulted in adequate statistical power to detect significant associations. Additionally, weight and height were objectively measured providing a precise estimate of BMI values. Finally, randomization of data collection and sampling from several areas around the city might have strengthened our ability to demonstrate the association between obesity and sociodemographic characteristics in a representative manner to the residents.
In summary, this study examined the association of sociodemographic variables with odds of being obese. Our findings indicate that lower education and higher income are positively associated with obesity; and that obesity is significantly more common among KSA participants and married individuals than non-KSA residents or singles. Intensive education and health awareness programs should be performed nationwide and target KSA individuals of high income and low levels of education to promote health and well-being.
